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
The mechanical properties of aged or used members and their restoring force characteristics of joints should be 
estimated accurately for seismic evaluation and conservation of traditional wooden buildings. In some cases, 
demolished wooden members are applied to new or existing buildings as structural members. The authors carried out 
experiments of column tie-beam joints built up with used and new members. Then, the restoring force characteristics 
were verified by Elato-plastic Pasternak Model simulation. These results will contribute the accumulation of structural 
databases of aged or used wood for the seismic evaluation and conservation of tradidional wooden buildings.  
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㪡㪊㪄㪉 ḓධ 䉴䉩ᩇ㪈㪌㪇ⷺ䉋䉍 䉝䉦䊙䉿Ꮕ㡞ዬ䌎䋱䉋䉍 䌎䋱䋺㪈㪉㪇㬍㪊㪍㪇
㪡㪊㪄㪊 䉴䉩ᩇ㪈㪌㪇ⷺ䉋䉍 䉝䉦䊙䉿Ꮕ㡞ዬ䌎䋱䉋䉍
㪡㪋㪄㪈 䉴䉩ᩇ⵾᧚ 䉴䉩⵾᧚᧼᧚
㪡㪋㪄㪉 ᣂ᧚ 䉴䉩ᩇ⵾᧚ 䉴䉩⵾᧚᧼᧚
㪡㪋㪄㪊 䉴䉩ᩇ⵾᧚ 䉴䉩⵾᧚᧼᧚
㪡㪌㪄㪈 䉴䉩ᩇ⵾᧚ 䉝䉦䊙䉿⵾᧚᧼᧚
㪡㪌㪄㪉 ᣂ᧚ 䉴䉩ᩇ⵾᧚ 䉝䉦䊙䉿⵾᧚᧼᧚
㪡㪌㪄㪊 䉴䉩ᩇ⵾᧚ 䉝䉦䊙䉿⵾᧚᧼᧚ 
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4 
ᛂߜߦߥࠆ߽ߩߣផኤߐࠇߚޕᒁ߈஥ߢߪㅒߦᬥ߇⧯ᐓ⓭಴ߒߚ⁁ᘒ߇⛽ᜬߐࠇࠆߚ߼ޔ㗡ᛂߜ௑ะ߇⃻ࠇ
ߥ޿ߎߣߢ߽ⵣઃߌࠄࠇߚޕ৻ㇱ㗡ᛂߜߣหᤨߦࠫࠣࠩࠣ⁁ߩࠣ࡜ࡈ߽᷹ⷰߐࠇޔᩇࡎ࠱ߣᬥߩ਄㕙ߩធ⸅
㕙ߢߩ៺ᡂߩṖࠅߦ઻߁ᝄേ⃻⽎ (stick-slip ⃻⽎) ߦࠃࠆ߽ߩߣផኤߐࠇߚޕߘߎߢ J1-4 ߩߺࠬࠡᩇࠍ㍑⵾
ᩇߦઍ߃ߡᬥߩᓇ㗀ߩߥ޿઀ญ㧔౮⌀ 4㧕ߢタ⩄ߔࠆߣޔ㗡ᛂߜߩ௑ะߪߥߊߥߞߡ╙ 1, 3⽎㒢ߩᱜ⽶ߩࠣ
࡜ࡈ߶߷ὐኻ⒓ߣߥࠅޔᬥ߇઀ญߩ᜼േߦዋߥߊߥ޿ᓇ㗀ࠍ෸߷ߔߎߣ߇⏕⹺ߢ߈ߚޕ 
ో૕ߦᧄታ㛎ߩ▸࿐ߢߪޔ᧚ᢱߩ߫ࠄߟ߈ߦᲧߴޔᒝᐲ࡮೰ᕈ࡮ᄌᒻᕈ⢻ߦ㑐ߒߡޔฎ᧚ߣᣂ᧚ߩᏅ⇣ߪ
⷗ࠄࠇߥ߆ߞߚޕ 










 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
౮⌀ 5ߩ J2-1ߦ⷗ࠄࠇࠆࠃ߁ߦ⽾ߦ߆ߥࠅߩ⯻㘩޿߇⷗ࠄࠇߚ߇ޔ࿑ 8ߩᓳరജ․ᕈࠍ␜ߒޔࡕ࡯ࡔࡦ࠻
ߪ઀ญ࿁ォⷺ 0.07rad ߢ 800kNmmޔጀ㑆ᄌᒻⷺ 0.2radߢ 1200kNmm⒟ᐲߢޔJ1-1ߣห╬ߢ޽ߞߚޕJ4-1ߪᮮ
࿶❗ࡗࡦࠣଥᢙߩዊߐ޿ߎߣߣޔᬥߩኒ⌕ౕวߩࠁࠆߐߢ೰ᕈ࡮ᒝᐲ߇ᦨ߽ዊߐ߆ߞߚ߽ߩߣ⷗ࠄࠇࠆޕ 
વ⛔⊛ߥ઀ญߩ㊀ⷐߥ․ᕈߢ޽ࠆᄢᄌᒻߩ․ᕈߦ㑐ߒߡߪޔ޿ߊߟ߆ߩ⹜㛎૕ߢᒰೋ⸘↹ߩᦨᄢᄌ૏
0.2rad ߦ㆐ߒߚᓟޔ0.33㨪0.4rad ߹ߢ᛼ߒ஥ߢタ⩄ߒߚ߇ޔ0.4rad ㄭߊߢ߼ࠅㄟߺߣⶄวߒߚ⽾ߩ⎕უ (౮⌀
4) ߇⷗ࠄࠇߚ߇ޔ⽾ߩᦛߍ⎕უ߇ᣂ᧚ J5-2ߢ 0.17radߦߡ⊒↢ߒߚ߶߆ߪ 0.2radએਅߢߪ⎕უߪήߊޔ፣უ
㪄㪈㪍㪇㪇
㪄㪈㪉㪇㪇
㪄㪏㪇㪇
㪄㪋㪇㪇
㪇
㪋㪇㪇
㪏㪇㪇
㪈㪉㪇㪇
㪈㪍㪇㪇
㪄㪇㪅㪈㪉 㪄㪇㪅㪈 㪄㪇㪅㪇㪏 㪄㪇㪅㪇㪍 㪄㪇㪅㪇㪋 㪄㪇㪅㪇㪉 㪇 㪇㪅㪇㪉 㪇㪅㪇㪋 㪇㪅㪇㪍 㪇㪅㪇㪏 㪇㪅㪈 㪇㪅㪈㪉
㫉㪸㪻
㫂㪥㫄㫄
㪡㪊㪄㪈
㪡㪊㪄㪉
㪡㪊㪄㪊
   
㪄㪈㪍㪇㪇
㪄㪈㪉㪇㪇
㪄㪏㪇㪇
㪄㪋㪇㪇
㪇
㪋㪇㪇
㪏㪇㪇
㪈㪉㪇㪇
㪈㪍㪇㪇
㪄㪇㪅㪈㪉 㪄㪇㪅㪈 㪄㪇㪅㪇㪏 㪄㪇㪅㪇㪍 㪄㪇㪅㪇㪋 㪄㪇㪅㪇㪉 㪇 㪇㪅㪇㪉 㪇㪅㪇㪋 㪇㪅㪇㪍 㪇㪅㪇㪏 㪇㪅㪈 㪇㪅㪈㪉
㫉㪸㪻
㫂㪥㫄㫄
㪡㪋㪄㪈
㪡㪋㪄㪉
㪡㪋㪄㪊
 
࿑ 5 J3ࠪ࡝࡯࠭ᓳరജ․ᕈ      ࿑ 6 J4ࠪ࡝࡯࠭ᓳరജ․ᕈ
㪄㪈㪍㪇㪇
㪄㪈㪉㪇㪇
㪄㪏㪇㪇
㪄㪋㪇㪇
㪇
㪋㪇㪇
㪏㪇㪇
㪈㪉㪇㪇
㪈㪍㪇㪇
㪄㪇㪅㪈㪉 㪄㪇㪅㪈 㪄㪇㪅㪇㪏 㪄㪇㪅㪇㪍 㪄㪇㪅㪇㪋 㪄㪇㪅㪇㪉 㪇 㪇㪅㪇㪉 㪇㪅㪇㪋 㪇㪅㪇㪍 㪇㪅㪇㪏 㪇㪅㪈 㪇㪅㪈㪉
㫉㪸㪻
㫂㪥㫄㫄㪡㪌㪄㪈
㪡㪌㪄㪉
㪡㪌㪄㪊
       
࿑ 7 J5ࠪ࡝࡯࠭ᓳరജ․ᕈ   ౮⌀ 5 J2-1ߩ⯻㘩޿ࠬࠡ⽾ߩ߼ࠅㄟߺᄌᒻ
㪄㪈㪍㪇㪇
㪄㪈㪉㪇㪇
㪄㪏㪇㪇
㪄㪋㪇㪇
㪇
㪋㪇㪇
㪏㪇㪇
㪈㪉㪇㪇
㪈㪍㪇㪇
㪄㪇㪅㪈㪉 㪄㪇㪅㪈 㪄㪇㪅㪇㪏 㪄㪇㪅㪇㪍 㪄㪇㪅㪇㪋 㪄㪇㪅㪇㪉 㪇 㪇㪅㪇㪉 㪇㪅㪇㪋 㪇㪅㪇㪍 㪇㪅㪇㪏 㪇㪅㪈 㪇㪅㪈㪉
㫉㪸㪻
㫂㪥㫄㫄
㪡㪈㪄㪈
㪡㪈㪄㪉
㪡㪈㪄㪋
 㪄㪈㪍㪇㪇
㪄㪈㪉㪇㪇
㪄㪏㪇㪇
㪄㪋㪇㪇
㪇
㪋㪇㪇
㪏㪇㪇
㪈㪉㪇㪇
㪈㪍㪇㪇
㪄㪇㪅㪈㪉 㪄㪇㪅㪈㪇 㪄㪇㪅㪇㪏 㪄㪇㪅㪇㪍 㪄㪇㪅㪇㪋 㪄㪇㪅㪇㪉 㪇㪅㪇㪇 㪇㪅㪇㪉 㪇㪅㪇㪋 㪇㪅㪇㪍 㪇㪅㪇㪏 㪇㪅㪈㪇 㪇㪅㪈㪉
㫉㪸㪻
㫂㪥㫄㫄
㪡㪉㪄㪈
㪡㪉㪄㪉
㪡㪉㪄㪊
 
࿑ 3 J1ࠪ࡝࡯࠭ᓳరജ․ᕈ         ࿑ 4 J2ࠪ࡝࡯࠭ᓳరജ․ᕈ

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5 
߽ోߊή߆ߞߚޕ 
࿑ 8㧙12 ߦ㧟࿁➅ࠅ㄰ߒタ⩄ߩᦨᄢ⩄㊀߹ߢߩᓳరജ․ᕈࠍᓟㅀߔࠆ EPM ࠪࡒࡘ࡟࡯࡚ࠪࡦ⚿ᨐߣ㊀ߨ
ߡ␜ߔޕߘࠇߦࠃࠇ߫ޔ0.1rad ߹ߢߪ➅ࠅ㄰ߒߦࠃߞߡ߽ޔߤߩࠪ࡝࡯߽࠭ᓳరജૐਅߪ߶ߣࠎߤ⷗ࠄࠇߕޔ
ฎ᧚࡮ᣂ᧚ߩᏅ⇣߽⷗ࠄࠇߥ޿ޕ0.1radࠍ⿥߃ࠆߣ J1-1, J2-1, J5-1 ߢߪ 0.2rad ߹ߢߪᓳరജૐਅߪߺࠄࠇߥ
޿߇ޔJ3-1㧘J4-1 ߢᓳరജߩ⧯ᐓߩૐਅߣࠣ࡜ࡈߩੂࠇ߇ỗߒߊߥߞߡ޿ࠆޕߎࠇߪޔ⽾ߩ߼ࠅㄟߺᄌᒻߦ
ࠃࠆ߇ߚߟ߈ߣߘࠇߦ઻߁⽾ߩᏀฝ⒖േޔᬥߩ᜼േߣ㑐ㅪߔࠆߣផኤߐࠇޔዋߥߊߣ߽⽾ߩ⎕უߦࠃࠆ߽ߩ
ߢߪߥ޿ߣ್ᢿߐࠇࠆޕೋᦼߩ೰ᕈ߿ᄢᄌᒻᲑ㓏ߩ᜼േߪᬥߩኒ⌕ౕวߦᄢ߈ߊଐሽߒޔᬥߩ᜼േ߇઀ญߩ
ᓳరജࠍᏀฝߔࠆน⢻ᕈ߇㜞޿ޕ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
࿑ 9 J1-1ᓳరജ․ᕈߣ EPM⸃ᨆ                        ࿑ 10  J3-1ᓳరജ․ᕈߣ EPM⸃ᨆ 
      
࿑ 11 J4-1ᓳరജ․ᕈߣ EPM⸃ᨆ                               ࿑ 12J5-1ᓳరജ․ᕈߣ EPM⸃ᨆ
       
࿑ 8 J2-1ᓳరജ․ᕈߣ EPM⸃ᨆ (Joint:઀ญߩߺޔFrame㧦ࡈ࡟࡯ࡓᄌᒻࠍ฽߻ޔ 
㧗ߪ╙ 1⽎㒢,ʊߪ╙ 3⽎㒢ࠍ␜ߔ)
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6 
㧟㧚ቢోᒢ႟ᕈࡕ࠺࡞⟎឵․ᕈ୯
 
 ⠴㔡ⷐ⚛ߩᓳరജ․ᕈߩ⹏ଔᴺߦޔቢోᒢ႟ᕈࡕ࠺࡞ߦ⟎឵ߒߚ႐วߩ․ᕈ୯ߢ⹏ଔߔࠆᣇᴺ߇޽ࠆ 5)ޕ
ߎߎߢߪޔᣢᓔߩታ㛎࠺࡯࠲߽ߘߩᚻᴺߦࠃࠅ᳞߼ߡ޿ࠆ႐ว߇ᄙ޿ߩߢޔߘࠇߦḰߓߡ᳞߼ߚޕ੹࿁ߩታ
㛎ߢߪޔᬥߩ᜼േߦࠃࠅ╙ 1⽎㒢ߩᓳరജ․ᕈߩᦨᄢ୯߇ో૕ߦ╙㧟⽎㒢ࠃࠅዊߐ߼ߣߥߞߚߎߣ߆ࠄޔ╙
1 ⽎㒢ߩ 0.1rad ߹ߢߩ઀ญ࿁ォⷺߣࡕ࡯ࡔࡦ࠻㑐ଥߩࠣ࡜ࡈࠃࠅ᳞߼ޔ࿑ 13 ߦਥߥ․ᕈ୯㧦ᦨᄢ⠴ജ Mmaxޔ
⚳ዪ⠴ജ Muޔ㒠ફ⠴ജ MyߩᲧセࠣ࡜ࡈࠍ␜ߔޕ 
ߎࠇࠃࠅޔ੹࿁ߩ㒢ቯߐࠇߚታ㛎▸࿐ߢߪޔ᧚ᢱߩ߫ࠄߟ߈߇ᄢ߈޿ߎߣ߽޽ࠅޔฎ᧚࡮ᣂ᧚ߩᲧセߪ㔍
ߒ޿߇ޔዋߥߊߣ߽ࡕ࡯ࡔࡦ࠻ᛶ᛫࡮ᓳరജ․ᕈߪᣂ᧚ࠃࠅഠࠆߎߣߪߥߐߘ߁ߢ޽ࠆޕ 

 
 
 
 
 
 
 
 
 
 
 
 
 

㧠㧚ᒢ႟ᕈࡄࠬ࠹࡞࠽࡯ࠢ࡮ࡕ࠺࡞ߦࠃࠆᬌ⸛


ᒢ႟ᕈࡄࠬ࠹࡞࠽࡯ࠢ࡮ࡕ࠺࡞ߩࡄ࡜ࡔ࡯࠲   
೨㗄ߩቢోᒢ႟ᕈࡕ࠺࡞⟎឵ߪ㒠ફᓟߩ೰ᕈૐਅ߿ޔ⎕უ߇↢ߕࠆ႐วࠍ฽߼ߚᧁ⾰⠴㔡ⷐ⚛ߩ᳢↪ᕈߩ
޽ࠆ⹏ଔᴺߣ⠨߃ࠆ߇ޔવ⛔᭴ᴺߩ઀ญߢ㒠ફᓟ߽ᒝᐲ߇Ⴧടߒ⛯ߌࠆᓳరജ․ᕈࠍࠃࠅ♖ᐲࠃߊ⹏ଔߔࠆ
ᚻᴺߣߒߡᒢ႟ᕈࡄࠬ࠹࡞࠽࡯ࠢ࡮ࡕ࠺࡞㧔EPM㧕ߦࠃࠆࠪࡒࡘ࡟࡯࡚ࠪࡦ߇޽ࠆ 6)ޕߎߩᚻᴺߪޔ߼ࠅㄟ
ߺ(ㇱಽ࿶❗㧕๟ㄝㇱߩ⴫㕙ᄌ૏ಽᏓࠍᜰᢙ㑐ᢙߢㄭૃߒߡ߼ࠅߎߺߦࠃࠆ೰ᕈჇᄢലᨐࠍ⹏ଔߔࠆߣߣ߽
ߦޔᧁ᧚ߩᮮ࿶❗ߦ߅ߌࠆ߭ߕߺಽᏓߣ߭ߕߺ⎬ൻ⃻⽎ߦ⌕⋡ߒߡޔ߼ࠅㄟߺਅㇱߩ߭ߕߺಽᏓࠍ⴫ߔᒻ⁁
㑐ᢙߣ೰ᕈ㑐ᢙߩዉ౉ߦࠃࠅ߼ࠅㄟߺߩᒢ႟ᕈ೰ᕈߩჇᄢ࡮ᷫዋㆊ⒟ࠍ⛔৻⊛ߦ⴫⃻ߒ㧘࿁ォ߼ࠅㄟߺߩᒢ
႟ᕈᓳరജ․ᕈࠍᒢᕈ࡮႟ᕈᲑ㓏ࠍ৻⽾ߒߚᒻߢቯᑼൻࠍⴕߞߚ߽ߩߢ޽ࠆޕ⸃ᨆ↪ࡄ࡜ࡔ࡯࠲ࠍㆡಾߦ⸳
ቯߔࠆߎߣߦࠃࠅޔવ⛔⊛᭴ᴺߩ઀ญߩᓳరജ․ᕈࠍᒢ႟ᕈᲑ㓏ో૕ߦࠊߚࠅޔ♖ᐲࠃߊࠪࡒࡘ࡟࡯࡚ࠪࡦ
ߢ߈ࠆ․ᓽ߇޽ࠆޕ෩ኒߥቯᑼൻߪᣢᓔߩᢥ₂ 6)ߦࠃࠆߣߒߡޔߎߎߢߪ◲ẖߦⷐὐߩߺࠍ␜ߔޕ 
ᮮ࿶❗ࡗࡦࠣଥᢙ Eߩㅢߒ⽾ߩ᏷ Bޔ㜞ߐ Hޔᩇ᏷ 2Lߩ઀ญߦ߅ߌࠆ࿁ォⷺǰߩߣ߈ߩᒢᕈ࿁ォᛶ᛫ࡕ
࡯ࡔࡦ࠻ Mߪ㧔1㧕ᑼߩࠃ߁ߦޔ࿁ォ߼ࠅㄟߺߩ╙ 1㗄ߣ៺ᡂߩ╙ 2㗄߆ࠄߥࠆޕ 
 
 
 
 
 
 
ߎߩᚻᴺߦߪ 2 ᰴర⸃ᨆߢߪ᧚ᢱቯᢙߢ޽ࠆᮮ࿶❗ࡗࡦࠣଥᢙ E㧘ᮮ࿶❗㒠ફᔕജᐲ yV 㧔߹ߚߪ㒠ફ߭
ߕߺ yH 㧕ߩઁߦ EPM ⁛⥄ߩࡄ࡜ࡔ࡯࠲ߣߒߡએਅߩว⸘㧠୘ߩࡄ࡜ࡔ࡯࠲߇ᔅⷐߣߥࠅޔߘߩ߁ߜᒢ႟ᕈ
Ბ㓏ߩ․ᕈࠍ᳿߼ࠆࡄ࡜ࡔ࡯࠲ߪKߣCߢ޽ࠆޕ 
 
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Mmax
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ฎ᧚䉴䉩Ꮉ⿧ ฎ᧚䉴䉩ḓධ ฎ᧚䉝䉦䊙䉿ḓධ ᣂ᧚䉴䉩 ᣂ᧚䉝䉦䊙䉿
 
࿑ 13 ቢోᒢ႟ᕈࡕ࠺࡞ߩ․ᕈ୯ߩಽᏓ
3 22 (1)
3 2
3 11 (1 ) : : 0.5
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ߎߎߢޔ࿁ォ߼ࠅㄟߺ೰ᕈჇᄢ₸ޓ㧦 㧔  タ⩄㐳Ყߢᧄታ㛎ߢߪ 㧕
៺ᡂߦ㑐ߔࠆ೰ᕈჇᄢ₸ޓ㧦
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HJ 㧦PM ߩήᰴర․ᕈ୯( H :⽾㜞ߐ)ߢ߼ࠅㄟߺᄌ૏ߩ〒㔌ᷫ⴮ࠍ᳿߼ࠆߣ౒ߦ೰ᕈჇᄢ₸ࠍ᳿߼ࠆࡄ࡜ࡔ
࡯࠲ޕK㧦߼ࠅㄟߺౝㇱߩ߭ߕߺಽᏓߩᒻ⁁㑐ᢙࠍ᳿߼ࠆࡄ࡜ࡔ࡯࠲ߢో㕙࿶❗㒠ફ߭ߕߺ yFH ߣㇱಽ࿶❗
㒠ફ߭ߕߺ yPH ߩᲧߢ᳞߼ࠄࠇޔ࿁ォ߼ࠅㄟߺߩ㒠ફ㐿ᆎࠍ᳿߼ࠆࡄ࡜ࡔ࡯࠲ߢ޽ࠆޕC㧦ᒢᕈ߭ߕߺߦኻ
ߔࠆ႟ᕈ߭ߕߺߩ୚₸ߢޔ઀ญߩ႐วߪ࿁ォⷺߩ႟ᕈჇᄢ₸ߦ⋧ᒰߔࠆޕP㧦៺ᡂଥᢙޕㅢߒ⽾ߢߪ৻⥸ߦ
0.6ࠍណ↪ߢ߈ࠆ߇ޔᧄታ㛎ߢߪᬥ߇ᛮߌ߿ߔ޿ߎߣ߆ࠄ 0.5ߣߔࠆޕ 
 ౕ૕⊛ߦߪޔ࿑ 8ߦ J2-1ߩࠪࡒࡘ࡟࡯࡚ࠪࡦߩ଀ࠍ␜ߔޕ 
J2-1ߩ⽾ߪ౮⌀ 5ߩࠃ߁ߦ⯻㘩޿߇߆ߥࠅ⷗ࠄࠇࠆ߇ޔᮮ࿶❗ࡗࡦࠣଥᢙߣᮮ࿶❗߭ߕߺ࡮㒠ફᔕജᐲߪ 
ᮮ࿶❗⹜㛎⚿ᨐࠃࠅ 108M Pa, 0.022, 2.4M Pay yE H V   ߇߃ࠄࠇߡ߅ࠅޔታ㛎⚿ᨐߩ Joint+ (઀ญᄌᒻߩߺߩᱜ
タ⩄) ߩࠣ࡜ࡈࠍ൮᜝ߔࠆࠃ߁ߦࡄ࡜ࡔ࡯࠲ࠍ᳞߼ࠆߣ 2.7, 3.4, 3H CJ K   ߣߥߞߚޕߎࠇߦߪ⽾ߩߖࠎ
ᢿᒢᕈଥᢙߣߒߡ /15 330MPaLEG #   ߣ઒ቯߒߚ઀ญߩࠪࠕʊࡄࡀ࡞ߣߒߡߩߖࠎᢿᄌᒻࠍ฽߻߇ޔEPM 
Frame+ (ࡈ࡟࡯ࡓᄌᒻࠍ฽߻ᱜタ⩄)ߩࠣ࡜ࡈߪࡈ࡟࡯ࡓߩᩇ࡮⽾ߩᦛߍᄌᒻࠍㅊടߒߚᓳరജ․ᕈߢޔࡈ
࡟࡯ࡓߩᄌᒻ߇ 15㧑⒟ᐲභ߼ࠆޕߥ߅ޔEPMߩࠣ࡜ࡈߢߪޔ0.12radࠍ⿥߃ࠆ޽ߚࠅ߆ࠄ⷗ࠄࠇࠆᬥᛮߌ಴
ߒߦࠃࠆࡕ࡯ࡔࡦ࠻㗡ᛂߜ௑ะߪࠪࡒࡘ࡟࡯࡚ࠪࡦߢ߈ߡ߅ࠄߕޔ੹ᓟߩᬌ⸛⺖㗴ߣߒߚ޿ޕ 
J2ࠪ࡝࡯࠭ߩ⽾ߪ 3ᧄߣ߽ޔหߓ 200ⷺߩࠬࠡᩇ߆ࠄណขߒߚ߽ߩߢޔෳ⠨ߦ᧚ᢱ⹜㛎ߩ❑࿶❗ࡗࡦࠣଥ
ᢙߩᐔဋ୯ߪ 5.5G PaLE  ޔJ2-1ߪᮮ࿶❗ࡗࡦࠣଥᢙߦᄢ߈ߥ߫ࠄߟ߈ߩ޽ࠆ߁ߜߩ 3૕ߩਛߩᦨዊ୯ߩ߽
ߩߢޔ⯻㘩޿ߩᓇ㗀߽⠨߃ࠄࠇࠆ߇ޔJ4ࠪ࡝࡯࠭ߩᣂ᧚ࠬࠡߣᲧセߒߡ߽․ߦഠࠆ௑ะߪߺࠄࠇߥ޿ޕ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᣢᓔ࠺࡯࠲ߣߩᲧセᬌ⸛
ᣢᓔߩ࠺࡯࠲ߣߩᲧセߢߪޔหߓ઀ญᒻ⁁ߩฎ᧚ߩ઀ญታ㛎࠺࡯࠲ߪ⷗ᒰߚࠄߥ޿ߚ߼ޔᣂ᧚ߣߩᲧセߣ
ߥࠆ߇ޔߎߎߢߪ EPM ࡄ࡜ࡔ࡯࠲ߦࠃࠆᣢᓔߩ࠺࡯࠲ߣߒߡޔ㍑⵾ᩇߦᣂ᧚ߩࡅࡁࠠ࡮ࡌࠗࡅࡃߩ⽾ࠍ↪
޿ߚ઀ญធวㇱታ㛎ߩ EPM ⸃ᨆ⚿ᨐ 6)ࠍ↪޿ߡᲧセࠍⴕ߁ޕ 
࿑ 14ߦ EPMࡄ࡜ࡔ࡯࠲ߩ߁ߜޔ೰ᕈჇᄢ₸ߦ㑐ࠊࠆήᰴర․ᕈ୯ HJ ߩฎ᧚࡮ᣂ᧚ߩಽᏓࠍ␜ߔޕߎߎ
ߢޔᣢᓔߩࡅࡁࠠ࡮ࡌࠗࡅࡃߩ⽾ߩ઀ญធวㇱታ㛎ߩ EPM⸃ᨆ⚿ᨐࠃࠅหߓήᰴర․ᕈ୯ HJ ߩಽᏓߣએ
ਅߩ(2)ᑼߩㄭૃ⋥✢ࠍ㊀ߨߡ␜ߔޕో૕ߦฎ᧚࡮ᣂ᧚ߣ߽ห᭽ߥᮮ࿶❗ࡗࡦࠣଥᢙߣ HJ ߣߩ✢ᒻ㑐ଥ߇⹺
߼ࠄࠇޔ೰ᕈჇᄢߩ⒟ᐲߪޔฎ᧚࡮ᣂ᧚ߢᏅ⇣߇ዋߥ޿ߎߣࠍᗧ๧ߔࠆޕ 
0.003 2.4 :H E EJ   㧔 ᮮ࿶❗ࡗࡦࠣଥᢙ㧕ޓ 㩷 㩷 㩷 㩷 㩷 㩷 㩷    㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷 㩷     㩷 㩷 㩷 䋨2䋩 
⴫ 2 ᒢ႟ᕈࡄࠬ࠹࡞࠽࡯ࠢ࡮ࡕ࠺࡞ߩࡄ࡜ࡔ࡯࠲
 
㩷ᮮ࿶❗
䊟䊮䉫ଥᢙ
㩷㩷ᮮ࿶❗
㒠ફ䈵䈝䉂 㒠ફ࿁ォⷺ ήᰴర․ᕈ୯
ᒻ⁁㑐ᢙ䈱
䊌䊤䊜䊷䉺
႟ᕈ䈵䈝䉂
୚₸ ៺ᡂଥᢙ
㩷ᮮ࿶❗
㒠ફᔕജᐲ
E (MPa) İ y ș y ȖH Ș C ȝ ı y (MPa)
㪡㪈㪄㪈 㪈㪎㪉 㪇㪅㪇㪈㪎 㪇㪅㪇㪊㪋 㪊㪅㪍 㪊 㪋 㪇㪅㪌 㪉㪅㪐
㪡㪈㪄㪉 㪈㪋㪇 㪇㪅㪇㪈㪐 㪇㪅㪇㪊㪏 㪉㪅㪊 㪊㪅㪌 㪈㪇 㪇㪅㪌 㪉㪅㪎
㪡㪈㪄㪋 㪈㪊㪉 㪇㪅㪇㪉㪊 㪇㪅㪇㪋㪍 㪊㪅㪉 㪈㪅㪐 㪊㪅㪌 㪇㪅㪌 㪊㪅㪇
㪡㪉㪄㪈 㪈㪇㪏 㪇㪅㪇㪉㪉 㪇㪅㪇㪋㪋 㪉㪅㪍 㪊㪅㪋 㪊 㪇㪅㪌 㪉㪅㪋
㪡㪉㪄㪉 㪈㪎㪉 㪇㪅㪇㪈㪎 㪇㪅㪇㪊㪋 㪉㪅㪌 㪉㪅㪋 㪌 㪇㪅㪌 㪉㪅㪐
㪡㪉㪄㪊 㪊㪋㪋 㪇㪅㪇㪈㪈 㪇㪅㪇㪉㪉 㪉㪅㪋 㪉㪅㪋 㪎 㪇㪅㪌 㪊㪅㪏
㪡㪊㪄㪈 㪍㪐㪎 㪇㪅㪇㪇㪐 㪇㪅㪇㪈㪏 㪊㪅㪍 㪊㪅㪉 㪉㪇 㪇㪅㪌 㪍㪅㪊
㪡㪊㪄㪉 㪌㪏㪇 㪇㪅㪇㪇㪐 㪇㪅㪇㪈㪏 㪈㪇 㪈㪅㪉 㪏 㪇㪅㪌 㪌㪅㪉
㪡㪊㪄㪊 㪊㪉㪉 㪇㪅㪇㪈㪋 㪇㪅㪇㪉㪏 㪊㪅㪇 㪉㪅㪈 㪐 㪇㪅㪌 㪋㪅㪌
㪡㪋㪄㪈 㪈㪍㪎 㪇㪅㪇㪈㪍 㪇㪅㪇㪊㪉 㪉㪅㪉 㪊㪅㪌 㪈㪋 㪇㪅㪌 㪉㪅㪎
㪡㪋㪄㪉 㪊㪋㪍 㪇㪅㪇㪈㪍 㪇㪅㪇㪊㪉 㪉㪅㪇 㪌㪅㪌 㪋㪇 㪇㪅㪌 㪌㪅㪎
㪡㪋㪄㪊 㪊㪐㪐 㪇㪅㪇㪈㪊 㪇㪅㪇㪉㪍 㪉㪅㪍 㪋 㪌㪇 㪇㪅㪌 㪌㪅㪉
㪡㪌㪄㪈 㪋㪊㪈 㪇㪅㪇㪈㪈 㪇㪅㪇㪉㪉 㪌㪅㪇 㪉㪅㪏 㪈㪈 㪇㪅㪌 㪋㪅㪎
㪡㪌㪄㪉 㪋㪍㪈 㪇㪅㪇㪇㪐 㪇㪅㪇㪈㪏 㪋㪅㪌 㪉 㪋 㪇㪅㪌 㪋㪅㪈
㪡㪌㪄㪊 㪊㪊㪉 㪇㪅㪇㪈㪉 㪇㪅㪇㪉㪋 㪊㪅㪇 㪊㪅㪋 㪐 㪇㪅㪌 㪋㪅㪇  
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߹ߚޔ࿑ 15ߦߪ೰ᕈჇᄢ₸ߣᮮ࿶❗ࡗࡦࠣଥᢙߩⓍߢޔ࿁ォ߼ࠅㄟߺߦࠃࠆ೰ᕈჇᄢᓟߩ⷗߆ߌߩᮮ࿶
❗ࡗࡦࠣଥᢙ RE] ߩታ㛎⚿ᨐߩಽᏓࠍ EPMℂ⺰ᑼߣߣ߽ߦ␜ߔޕ 
ో૕ߦޔฎ᧚ࠕࠞࡑ࠷ߩ߫ࠄߟ߈߇ᄢ߈޿߇ޔJ3-2ߩήᰴర․ᕈ୯ 10HJ   ࠍ㒰޿ߡߘߩಽᏓߣ௑ะߪ
EPMℂ⺰ᑼߦᲧセ⊛ᴪߞߡ޿ࠆޕ 
⴫ ߦ␜ߔࠃ߁ߦޔK  ߩᐔဋ୯㧔ᄌേଥᢙ%㧕ߪޔฎ᧚ߢ 2.57㧔30%㧕ޔᣂ᧚ߢ 3.53㧔33%㧕ޔᣂ᧚ࡅࡁ
ࠠ࡮ࡌࠗࡅࡃߩᐔဋ 2.43(20)ޔ㧯 ߩᐔဋ୯㧔ᄌേଥᢙ%㧕ߪޔฎ᧚ߢ 7.72㧔68%㧕ޔᣂ᧚ߢ 21.3㧔89%㧕ޔ
ᣂ᧚ࡅࡁࠠ࡮ࡌࠗࡅࡃߩᐔဋ 15.5㧔34%㧕ߣߥߞߚޕฎ᧚ࠬࠡߩK  ߪᣂ᧚ࡅࡁࠠ࡮ࡌࠗࡅࡃߦㄭߊޔᣂ᧚ࠬ
ࠡߪ߫ࠄߟ߈߇ᄢ߈޿ޕฎ᧚ߩ Cߪᣂ᧚ࡅࡁࠠ࡮ࡌࠗࡅࡃߦᲧߴዊߐߊޔ㒠ફᓟߩ೰ᕈૐਅ߇ዋߥ޿ߎߣࠍ
ᗧ๧ߒޔᣂ᧚ࠬࠡߪᄢ߈ߥ୯ࠍߣࠅޔ೰ᕈૐਅ߇ᄢ߈޿ߎߣࠍᗧ๧ߔࠆޕ  
એ਄ߩ⚿ᨐ߆ࠄޔᧄታ㛎ߩ㒢ቯߒߚ▸࿐ߢߪ޽ࠆ߇ޔฎ᧚ߩ઀ญߩᓳరജ․ᕈߪᣂ᧚ߣᲧߴޔ․ߦഠࠆ௑
ะߪ⷗ࠄࠇߥ߆ߞߚޕ
  
 
 
 
 
 






㧡㧚߹ߣ߼

ฎ᳃ኅߩ⸃૕ㇱ᧚ߣᣂ᧚ࠍ↪޿ߚචሼဳㅢߒ⽾઀ญធวㇱታ㛎ࠍⴕ޿ޔฎ᧚ߩ઀ญߩᒝᐲ࡮೰ᕈ࡮ᄌᒻᕈ
⢻ߦߟ޿ߡታ㛎⊛ߥ⏕⹺ࠍⴕߞߚޕ߹ߚޔታ㛎߆ࠄᓧࠄࠇߚᓳరജ․ᕈࠍኻ⽎ߦޔቢోᒢ႟ᕈࡕ࠺࡞⟎឵․
ᕈ୯߅ࠃ߮ᒢ႟ᕈࡄࠬ࠹࡞࠽࡯ࠢ࡮ࡕ࠺࡞(EPM)ࠪࡒࡘ࡟࡯࡚ࠪࡦߦࠃࠅޔ⠴㔡ᕈ⢻⹏ଔߩᦨ߽ਥⷐߥᜰᮡ
ߢ޽ࠆޔᒝᐲ࡮೰ᕈ࡮ᄌᒻᕈ⢻ߥߤߩᓳరജ․ᕈߩᲧセᬌ⸽ࠍⴕߞߚޕߘߩ⚿ᨐޔᧄታ㛎ߦ↪޿ߚฎ᧚ߩㅢ
ߒ⽾઀ญߦ㑐ߒߡߪޔᒝᐲ࡮೰ᕈ࡮ᄌᒻᕈ⢻ߦ㑐ߒߡߪᣂ᧚ߦഠࠆ௑ะߪ⷗ࠄࠇߥ߆ߞߚޕ
ߎߩࠃ߁ߥ⎇ⓥᚑᨐ߇વ⛔⊛ᧁㅧᑪ▽‛ߩ⠴㔡ᕈ⢻⹏ଔ߅ࠃ߮વ⛔⊛ᧁㅧᑪ▽‛ߩ଻ሽ࡮⛮ᛚߦ⾗ߔࠆ߽
ߩߣ⠨߃ߡ߅ࠅޔ੹ᓟ߽ᒁ߈⛯߈࠺࡯࠲ߩ⫾Ⓧࠍⴕߞߡⴕ߈ߚ޿ޕ 

⻢ㄉ㧦ᧄ⎇ⓥߪᐔᚑ23ᐕᐲ࿖੤⋭ޟવ⛔⊛᭴ᴺߩ⸳⸘ᴺ૞ᚑ෸߮ᕈ⢻ᬌ⸽ታ㛎ޠᬌ⸛ᆔຬળ㧔ᆔຬ㐳㧦㋈ᧁ
␽ਯ┙๮㙚ᄢቇᢎ᝼㧕ߩฎ᧚ߦ㑐ߔࠆ⺞ᩏ⎇ⓥߩ৻Ⅳߣߒߡⴕߞߚ߽ߩߢ޽ࠅޔߏදജ޿ߚߛ޿ߚᆔຬฦ૏
ߦ⻢ᗧࠍ⴫ߒ߹ߔޕ

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࿑ 14 ήᰴర․ᕈ୯ HJ ߩಽᏓ            ࿑ 15  ⷗߆ߌߩ೰ᕈ RE]  ߩಽᏓ 
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